Aim: We aimed to investigate sleep quality, mild hepatic encephalopathy, anxiety, and depression in patients with hepatitis B cirrhosis by using a variety of scales and questionnaires.
INTRODUCTION

I
N CHINA, PATIENTS withhepatitis B liver cirrhosis currently constitute an integral proportion of cirrhosis patients. 1 Hepatitis B liver cirrhosis is a long-term chronic disease, accompanied by complications such as ascites, esophageal variceal bleeding, and hepatic coma in the course of disease progression; moreover, patients with hepatitis B liver cirrhosis are at a high risk for liver cancer. 2, 3 Therefore, the patients may suffer from issues such as long-term psychological stress, pain, and economic burden. With an altered medical model, the phenomena of chronic physical diseases accompanied by psychological disturbances, such as anxiety and depression, have attracted widespread attention. 4 However, systematic studies on the sleep quality and psychological states of patients with hepatitis B liver cirrhosis are lacking.
In cirrhosis patients, sleep quality has raised severe concerns in recent years, as the sleep quality directly affects the cognition and psychological states of the patients. [5] [6] [7] Some studies have suggested that sleep disturbances may be associated with hepatic encephalopathy. 8 Systematic data on sleep quality in cirrhosis patients, as well as its relationships with minimal hepatic encephalopathy (MHE) and neuropsychological status, are lacking and need further investigation. Thus, the present study used the Pittsburgh Sleep Quality Index (PSQI) scale, the Number Connection Test-A (NCT-A), and the Hospital Anxiety and Depression (HAD) scale to evaluate patients with hepatitis B liver cirrhosis. Furthermore, these statistical methods also analyzed the correlations of sleep quality with MHE and psychological states such as anxiety and depression.
METHODS
Study subjects P ATIENTS WITH HEPATITIS B liver cirrhosis who were first hospitalized at the Tianjin Third Central Hospital (Tianjin, China) from August 2015 to July 2016 were selected as the subjects, and divided into Child-Pugh A, B, and C groups according to Child-Pugh score grading. The inclusion criteria identified patients with: (i) a disease course >2 years; (ii) age 18-64 years; and (iii) education levels of junior high school or higher (Fig. 1) . On the second day of admission, the questionnaire was completed at the bedside by a trained professional physician and a nurse (Qing Ye, an attending physician with 10 years of experience in liver disease-related clinical work; and Guoqing Xiao, a supervisor nurse with 11 years of experience in liver disease-related nursing work).
The diagnostic criteria of hepatitis B liver cirrhosis were in line with the 2014 hepatitis B liver virus-related clinical diagnosis, evaluation, and the diagnostic criteria of cirrhosis in the comprehensive management of antiviral therapy. 9 The exclusion criteria excluded those who: (i) were clinically considered to have hepatic encephalopathy (HE) or had a history of HE; (ii) had a history of psychological or neurological disease; (iii) were treated with drugs that would affect neurological functions (including interferon treatment) in the previous 4 weeks; (iv) were alcohol-dependent or those who had stopped drinking and were drug-dependent; (v) additionally presented severe heart, lung, and kidney disease as well as severe diabetes; (vi) had a history of cerebrovascular disease, traumatic brain injury, craniotomy, or portosystemic shunt such as transjugular intrahepatic portosystemic shunt; (vii) had severe water and electrolyte disorders; (viii) had a lower education level than junior high school, or severe hearing, visual, and limb movement impairment who could not complete the evaluation; (ix) presented malignant tumors; (x) received treatment with drugs for lowering blood ammonia, lactulose, and branched-chain amino acids; (xi) had upper gastrointestinal bleeding or spontaneous peritonitis in the previous 2 weeks; (xii) had cirrhosis coupled with other causes; Figure 1 Inclusion criteria of the case group of patients with hepatitis B liver cirrhosis assessed in this study. and (xiii) were reluctant to co-operate (refused to be investigated).
Fifty healthy individuals, enrolled consecutively, comprised the control group. These individuals fulfilled the following conditions: (i) education level was a minimum of junior high school or higher education; (ii) no history of neuropsychiatric or mental illnesses; (iii) maintained a regular life in the previous 6 months; and (iv) absence of a drinking history and did not use drugs such as sedatives or anesthetics in the previous 2 weeks.
This cross-sectional study was approved by the Ethics Committee of Tianjin Third Central Hospital. All cirrhosis patients and the controls signed their informed consent.
Investigation tools
The PSQI is a useful tool for assessing the quality of sleep and sleep habits over the past 1 month. The efficiency of the tool has been affirmed, 10, 11 and it has been widely applied in the field with respect to tumor, 12 digestion, 13 respiratory, 14 and urinary 15 evaluation. It has seven factors, encompassing sleep quality, sleep latency, hours of sleep, sleep efficiency, sleep disturbances, medication of hypnotics, and day-time function. Each factor is calculated by 0-3 points, with the range of the total score being 0-21 points; the higher the score, the worse the sleep quality. Sleep disturbance is evident if the total score is >5 points. 10 In our study, the questionnaire was completed in 10 min and the subsequent evaluation in 5 min.
The NCT-A requires subjects to smoothly connect 1-25 randomly arranged digits. If an error occurs during the connection, the subject is required to correct it immediately, and the time taken to arrange and rectify the error is recorded. Abnormal values constitute the following: (i) age <35 years and the consumed time >34.3 s; (ii) age 35-44 years and time >45.7 s; age 45-54 years and time >52.8 s; and (iii) age 55-64 years and time >61.9 s. Previous studies have suggested that the sensitivity and specificity are good if NCT-A is used to evaluate MHE. 16, 17 The HAD scale was designed by Zigmond and Snaith in 1983, 18 and is primarily applied to screen anxiety and depression in patients treated at general hospitals. It has also been widely applied with adequate reliability and validity in the study of physical and psychological diseases. 19, 20 The scale comprises two parts, including the anxiety subscale (a) and the depression subscale (d). Both consist of seven features, and each is divided into four grades.
Total scores represent the following: 0-7 points, no depression or anxiety; 8-10 points, mild depression or anxiety; 11-14 points, moderate depression or anxiety; and 15-20 points, severe depression or anxiety.
Blood and biochemical tests
Venous blood was extracted in all the case groups under a fasting state in the morning of the second day after admission. The blood samples were sent for examination of the liver and kidney functions, blood glucose, blood lipid, prothrombin activity, thyroid function, hepatitis markers, tumor markers, immune test, routine blood test, and ammonia.
Statistical analysis SPSS 16.0 (SPSS, Chicago, IL, USA) was used to undertake the statistical analyses. Continuous data were presented as the mean ± standard deviation, and the groups were compared by single factor ANOVA. If the variance was homogenous, the least significant difference method was used to undertake multiple comparisons; otherwise, Dunnett's T3 method was used. Differences between two groups were analyzed by the independent samples t-test. A total of 50 questionnaires were dispatched in the control group, and all of those were retrieved as valid. The cohort comprised of 27 men and 23 women. The age distribution was as follows: 1 case aged <35 years, 3 cases aged 35-44 years, 17 cases aged 45-54 years, and 29 cases aged 55-64 years.
Basic characteristics of patients with hepatitis B liver cirrhosis and the control group
A total of 341 cases with hepatitis B liver cirrhosis were divided into Child-Pugh A, B, and C groups according to their Child-Pugh grade. The 50 healthy control cases were used as the control group. The basic data of all the patients were summarized in Table 1 . Gender, age, duration of disease, and serum creatinine were not statistically different among the groups (P = 0.689, P = 0.107, P = 0.377, and P = 0.121, respectively). Blood ammonia was statistically Table 1 .
Sleep quality, NCT-A, and HAD scores for patients with hepatitis B liver cirrhosis and the control group A PSQI score >5 points, indicating that patients experienced sleep disturbance, was found in 213 of the 341 patients with hepatitis B liver cirrhosis, accounting for 62.46% of the group. In the patients with hepatitis B liver cirrhosis, the PSQI indexes in the Child-Pugh A, B, and C groups were all higher than those in the control group (F = 10.346, P = 0.015). Significant differences were observed with respect to NCT-A in the Child-Pugh A, B, and C groups (χ 2 = 84.85, P < 0.001). Anxiety and depression were found to be common symptoms in patients with hepatitis B liver cirrhosis. The anxiety score (HAD [a] ) and depression score (HAD [d]) were significantly different in the Child-Pugh A, B, and C groups (F = 165.632, P < 0.001; F = 125.917, P < 0.001) ( Table 2 ).
Sleep quality and HAD score of MHE patients
The NCT-A-positive patients were preliminarily screened and found to show minimal HE tendency. This study found 214 NCT-A-positive cases among all hepatitis B liver cirrhosis patients, accounting for 62.76% of the total number of patients. The PSQI score of NCT-A-positive patients was significantly higher than that of NCT-A-negative patients (F = 4.295 and P < 0.001). Both HAD (a) and HAD (d) scores were significantly different between the NCT-A-positive and NCT-A-negative groups (P = 0.002 and P = 0.006, respectively) ( Table 3 ).
Correlations among NCT-A, HAD, Child-Pugh, and PSQI scores
The associations of NCT-A, HAD, and Child-Pugh scores with PSQI scores in patients with hepatitis B liver cirrhosis were determined by univariate Pearson's correlation analysis ( Table 4) . The NCT-A, HAD (a), and PSQI scores were found to be positively correlated (P < 0.001 and P = 0.045, respectively), whereas the Child-Pugh score, HAD (d), and PSQI scores were not correlated (P = 0.061and P = 0.059, respectively).
DISCUSSION
S LEEP DISTURBANCE IS prevalent in cirrhosis patients. Previous studies have reported approximately 47.7-60% of cirrhosis patients experience sleep disturbance. 5, 7, 8 Sleep disturbances are known to reduce the cognitive ability of patients with liver cirrhosis, 6 which in turn exerts adverse effects on work and life, for example, in terms of day-time fatigue, mood disturbance, and reduction in memory and attention. 21, 22 Moreover, in many cases, it may increase the immune suppression and the perception of pain, as well as affect various functions of the body. 23, 24 Individuals with sleep disturbances suffer from anxiety and depression compared to those with good sleep; 25, 26 this significantly affects health-related quality of life (HRQoL) and is closely correlated with prognosis. 27 The present study found that in the 341 patients with hepatitis B liver cirrhosis, 213 patients had a PSQI score >5 points, accounting for 62.46% of the total number of enrolled patients, higher than previously reported (47.7-60%). The study cohort was comprised of hospitalized patients who presented with severe conditions compared to outpatients. The PSQI scores in the Child-Pugh A, B, and C groups were different; patients Continuous data were presented as the mean ± standard deviation, and the groups were compared by single factor ANOVA. Differences between two groups were analyzed by independent samples t-test. HAD (a), Hospital Anxiety and Depression anxiety scale; HAD (d), Hospital Anxiety and Depression depression scale; PSQI, Pittsburgh Sleep Quality Index. Continuous data are presented as the mean ± standard deviation, and groups were compared by single factor ANOVA. Comparison of percentages used the χ 2 -test. †Compared to Child-Pugh A group, P < 0.05. ‡Compared to Child-Pugh B group, P < 0.05. §Compared to Child-Pugh C group, P < 0.05.
Sleep quality in hepatitis
in the Child-Pugh C group had worse PSQI scores than those in the other groups (Table 2) . However, the correlation analysis showed no correlation between PSQI and the Child-Pugh score (P = 0.061). We speculated that the PSQI might be related to multiple factors such as liver compensation ability, MHE, economic pressure, cognitive degree of disease, and psychological expectations. 26 But even patients in the Child-Pugh A group with good liver compensatory ability and lower HBV-DNA negative rate (a total of 142 cases), 61.97% of patients had sleep disturbance (88 cases with PSQI >5 points). Thus, sleep disturbances have become a common health concern in patients with cirrhosis. 28 Sleep disturbances can lead to cognitive decline in patients with cirrhosis, 6 and some studies have suggested that it may be correlated to MHE that may be the early stage of HE. 7 Minimal hepatic encephalopathy is characterized by cognitive deficits without significant clinical manifestations. The results of a large number of studies suggested that, in comparison to no symptoms, MHE effectuates significant negative impacts on the HRQoL and the daily functions of the patients. Another study reported that MHE occurs in approximately 30-84% of cirrhosis patients. 29 Mild defects of MHE cognitive function can sometimes be detected through specific methods such as mental assessment scales or neuropsychiatric testing. Currently, a worldwide consensus on the diagnostic criterion for MHE is absent, and the diagnosis of MHE is difficult. 30, 31 It is common to use more than two sensitive neuropsychological tests. This study used NCT-A to preliminarily screen the patients with hepatitis B cirrhosis, which revealed 62.76% MHE patients (214 cases). A subgroup analysis was undertaken according to Child-Pugh grade, which found that NCT-A scores in the Child-Pugh A, B, and C groups were all significantly higher than that in the control group. As with ammonia levels, 32 NCT-A values showed an increasing trend with the decrease in liver compensatory ability; moreover, the worse the liver compensatory ability, the worse the cognitive ability of the patients, and the more prone they were to HE. 16 Patients with hepatitis B liver cirrhosis were divided into NCT-A-positive and NCT-A-negative groups according to the NCT-A score. The NCT-A-positive patients tended to have MHE. The PSQI score of patients in the NCT-A positive group was remarkably higher than that in the NCT-A negative group (7.36 ± 3.84 vs. 5.91 ± 3.04), suggesting that MHE patients had worse sleep quality and were prone to sleep disturbances, which may be an early manifestation of HE. 7 This study also found that HAD (a) and HAD (d) scores for NCT-A-positive patients were significantly elevated compared to NCT-A-negative patients (10.89 ± 2.17 vs.10.22 ± 1.69 and 9.32 ± 1.36 vs. 8.91 ± 1.23, respectively), and they suffered excessively from anxiety and depression. In addition, HAD (a) was positively associated with PSQI, and the correlation was attributed to the following possibilities: (i) psychological state affected sleep; (ii) sleep problems affected the psychological state; or (iii) these two characteristics influenced and promoted each other. The correlation analyses indicated that MHE patients had psychiatric symptom-related sleep disturbances, and the sleep quality may be improved by alleviating these psychiatric symptoms. Therefore, the disease could be recovered if sleep disturbances were treated efficiently.
Causes that lead to sleep disturbances in cirrhosis patients include psychological factors 5 in addition to the factors of the disease, such as disrupting the level of melatonin in cirrhosis patients. 21 The correlation of PSQI score with HAD (a) score represented anxiety, suggesting that sleep quality was closely related to psychological factors. In a specific population with hepatitis B liver cirrhosis, repeated fluctuations of the virus and long-term use of antiviral drugs could pose as high-risk factors for liver cancer. In addition, the treatment cost may cause a psychological burden for the patients.
33
CONCLUSIONS I N SUMMARY, IN addition to complications such as ascites, hypersplenism, and esophageal varices, sleep problems should also be considered in patients with hepatitis B liver cirrhosis. Sleep problems were closely associated with MHE and anxiety, which affected the prognosis of patients, and thus, should be extensively evaluated; positive intervention is also critical. Appropriate management strategies should be established in order to improve sleep and reduce anxiety, thereby improving prognosis.
Nevertheless, this was a single-center cross-sectional study, and the sample size necessitates further expansion to reduce the putative biases. In addition, patients with cirrhosis induced by other causes, such as hepatitis C cirrhosis and alcoholic cirrhosis, should be included in future studies.
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